REMARKS 

The present Amendment revises the specification and claims to conform 
to United States patent practice, before examination of the present application. 
Pursuant to 37 CFR 1 .125 (b), Applicants have concurrently submitted a 
5 substitute specification, excluding the claims, and provided a marked-up copy. 
Applicants have further provided drawing amendments, attached as Appendix A, 
with an additional copy of the drawings highlighting the changes, attached as 
Appendix B 



10 added thereby. The amendment, addition, and/or cancellation of claims is not 
intended to be a surrender of any of the subject matter of those claims. 



All of the changes are editorial and applicant believes no new matter is 



Early examination on the merits is respectfully requested. 
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6600 Sears Tower 
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SPECIFICATION 
TITLE 

NON-HUMAN MUTANT MAMMALS DEFICIENT IN SIGMA RECEPTORS AND 

THEIR APPLICATIONS 

FMEfcP BAC KG ROUND OF THE INVENTION 
("00011 The invention relates to non-human mutant mammals deficient 

in endogenous Sigma receptors, to the cells derived from said mutant animals,, and 
to their application. The invention also relates to a homologous recombination 
vector with positive-negative selection useful for generating said non-human mutant 
mammals deficient in endogenous Sigma receptors. 

BACKG ROUND OF T HE INVENTION 

f00021 Sigma receptors are binding sites with an affinity for different 

ligands, some of which are pharmaceuticals of diverse activity. Initially, the interest 
for Sigma receptors was due to their potential role in the actions of anti-psychotic 
pharmaceuticals as they showed a high affinity for typical neuroleptic agents such as 
haloperidol or other compounds causing psychomimetic activity, such as N- 
allylnormetazocine (SKF-10047). Later on it was discovered that Sigma receptors 
can be involved in other physiological mechanisms. 

r00031 Two subclasses of Sigma receptors have been identified, known 

as type-1 and type-2 Sigma receptors, which can be differentiated by their 
pharmacological profile, function and molecular size. Both types show high to 
moderate affinity for typical neuroleptic agents, particularly haloperidol. However, 
type-1 Sigma receptors show a high affinity for (+)-pentazocine, (+)-SKF10047 and 
other (+)-benzo-morfanes, while type-2 Sigma receptors show a low affinity for these 
compounds. Type-1 Sigma receptors have a typical molecular mass of 25 kDa, 
while the molecular mass of type-2 Sigma receptors is 18-21 kDa (in both cases 
determined by photoaffinity marking). 
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Type 1 Sigma receptor 

[00041 The type-1 Sigma receptor, hereinafter referred to as Sigma-1 

receptor, is a non-opiaceous type receptor expressed in numerous adult mammal 
tissues (central nervous system, ovary, testicle, placenta, adrenal gland, spleen, 
liver, kidney, gastrointestinal tract, etc.) as well as in embryo development from its 
earliest stages, and is apparently involved in a large number of physiological 
functions. Its high affinity for various pharmaceuticals has been described, such as 
for SKF-1 0047, (+)-pentazocine, haloperidol and rimcazole, among others, known 
ligands with analgesic, anxiolytic, antidepressive, antiamnesic, antipsychotic and 
neuroprotective activity, so that the study of the Sigma-1 receptor is of great interest 
in pharmacology in view of its possible physiological role in processes related to 
analgesia, anxiety, addiction, amnesia, depression, schizophrenia, stress, 
neuroprotection and psychosis [1], [2] and [3]. Ho w ev e r , the actual, role carri e d e i^by4he 
Sigma.- 1 reee ptor is s^ jAnbrn^^WB and enigmatic. In fact, its speey fl o e ndoge nou s lig aud is not 

progester on e and testosterone. . See 

[0005] Kaiser C, Pontecorvo M.J. & Mewshaw R.E. (1991) Sigma receptor 

ligands: function and activity. Neurotransmissions 7 (1): 1-5 (hereinafter Kaiser); 
Walker J.M., Bowen W.D.. Walker F.O.. Matsumoto R.R., De Costa B. & Rice K.C. 
(1990) Sigma receptors: biology and function. Pharmacological Reviews 42 (4): 
355-402 (hereinafter Walker); and Bowen W.D. (2000) Sigma receptors: recent 
advances and new clinical potentials. Pharmaceutica Acta Helvetiae 74: 21 1-218 
(hereinafter Bowen). 

[00061 However the actual role carried out by the Sigma-1 receptor is still 

unknown and enigmatic. In fact, its specific endogenous ligand is not known, 
although it is believed that it interacts with endogenous human steroids such as 
progesterone and testosterone. 

f00071 The cDNA sequence encoding the Sigma-1 receptor in guinea 

pigs, the cDNA and Sigma-1 receptor gene in humans, the cDNA sequence and 



2 Mark Up Substitute Specification 



Sigma-1 receptor gene in mice and the cDNA encoding the Sigma-1 receptor in rats 
have all been described. 

f00Q81 The first work to obtain a gene sequence encoding a Sigma-1 receptor 

is due to Manner et aj. (see Hanner M. t Moebius F.F«, Flandorfer A., Knaus KG., 
Striessinq J., Kempner E. & Glossmann H. (1996) Purification, molecular cloning, 
and expression of the mammalian Sigma-1 binding site. Proceedings of the 
National Academy of Sciences USA 93: 8072-8077, hereinafter Hanner). 

[00091 In this work, using the specific binding characteristics of this receptor to 

certain radioactively marked compounds, such as (*)[ 3 H]Pentazocine, a protein first 
and then a cDNA clone encoding it were obtained. The clone was isolated from a 
cDNA genomic bank prepared from Guinea pig (C. porcellus) liver mRNA (cDNA 
with 1857 base pairs, GenBank database, access code Z66537). 

r001 01 T h e first -wei4c4e^^ eHeedmg a S ig m a- 1 re eeptor 

is d u e to Banner et al . [4], In this wor k , u si ng the s pecific binding c haracte r is tics of this 

^ente^ecine, a p-retem 

g enomi c bank p r epared from Guinea pig (C porcellus) liver mRNA [cDNA with. 1857 base 
pairs, GenBank database, access code Z66537]. Next, based on this cDNA sequence, 
several work groups proceeded to successively clone by sequence homology the 
human cDNA fe4 (see Kekuda R„ Prasad P.P., Fei Y.-J.. Leibach F.H. & Ganapathy 
V. (1996) Cloning and functional expression of the human type 1 Sigma receptor 
(hSigmaRI ). Biochemical and Biophysical Research Communications 229: 553- 
558, hereinafter Kekuda) (cDNA with 1653 base pairs, GenBank database, access 
code: HSU75283), the mouse cDNA and gene fS tfsee Seth P.. Leibach F.H. & 
Ganapathy V. (1997) Cloning and structural analysis of the cDNA and the gene 
encoding the murine type I sigma receptor. Biochemical and Biophysical Research 
Communications 241 : 535-540, hereinafter Seth, 1997) (cDNA with 1567 base pairs, 
GenBank database, access code: AF030198; gene with 6973 base pairs, GenBank 
database, access code: AF030199), the rat cDNA ffl (see Seth P.. Fei Y.-J., Li H.- 
W., Huang W.. Leibach F.-H. & Ganapathy V. (1998) Cloning and functional 
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characterization of a receptor from rat brain. Journal of Neurochemistry 70: 922- 
931, hereinafter Seth, 1998) (cDNA with 1582 base pairs, GenBank database, 
access code: AF004218) and the human gene f8 4(see Prasad P.P., Hui W.L., Fei 
Y.-J. t Ganapathy M.E., Fujita T., Plumley L.H., Yang-Feng T.-L, Leibach R-H. & 
Ganapathy V. (1998) Exon-intron structure, analysis of promoter region, and 
chromosomal localization of the human Type I receptor gene. Journal of 
Neurochemistry 70: 443-451, hereinafter Prasad) (gene described in three DNA 
fragments respectively containing the promoter (3589 base pairs, GenBank 
database, access code: AF001975), the exon 1 , 2 and 3 (757 base pairs, GenBank 
database, access code: AF001976) and the exon 4 (1630 base pairs, GenBank 
database, access code: AF001977)). 

r00111 An analysis of the homology among these sequences, both on 

the basis of nucleotides and amino acids, has made manifest the high degree of 
homology among them. Knowledge of these sequences can be used to develop 
animal models intended to study the physiology and pathology associated to 
alterations in Sigma receptors and the effect of pharmaceuticals potentially useful 
for treating or preventing pathologies associated to alterations in said receptors or in 
which said receptors are involved. 

Type-2 Sigma receptor 

[00121 The type-2 Sigma receptor, hereinafter referred to as the 

Sigma-2 receptor, is a receptor expressed in numerous adult mammal tissues 
(nervous system, immune system, endocrine system, liver, kidney, etc.). Sigma-2 
receptors can be components in a new apoptosis route that may play an important 
role in regulating cell proliferation or in cell development. This route seems to 
consist of Sigma-2 receptors joined to intracellular membranes, located in organelles 
storing calcium, such as the endoplasmic reticulum and mitochondria, which also 
have the ability to release calcium from these organelles. The calcium signals can 
be used in the signalling route for normal cells and/or in induction of apoptosis. 

[00131 Agonists of Sigma-2 receptors induce changes in cell morphology, 

apoptosis in several types of cell lines and regulate the expression of p-glycoprotein 
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mRNA, so that they are potentially useful as antineoplasic agents for treatment of 
cancer. In fact, Siqma-2 receptor agonists have been observed to induce apoptosis 
in mammary tumour cell lines resistant to common antineoplasic agents that 
damage the DNA. 

r001 41 Ago n ist s of Sigma 2 rec e ptors induce changes in cell morphology, 

ap op tos i s in s everal type s - of ■ cel l, l ines and regu l ate the e x pressi on of p -gl yc o p r ot e-ift-m RNA, 
so that they (ire p e terafe lly useful as antineoplasic a g ent s for tr eatment efean cer. In fact ; 
Si gma 2 receptor a g on ists have been observed to induce apoptosis in mam mary tu mour cell 
lin es r es i stant to common an tineop l a sic agents that damage the DNA. In addition, agonists 
of Sigma-2 receptors enhance the cytotoxic effects of these antineoplasic agents at 
concentrations in which the agonist is not cytotoxic. Thus, agonists of Sigma-2 
receptors can be used as antineoplasic agents at doses inducing apoptosis or at 
sub-toxic doses in combination with other antineoplasic agents to revert the 
resistance to the drug, thereby allowing using lower doses of the antineoplasic agent 
and considerably reducing its adverse effects. Agonists of Sigma-2 receptors can 
also be used in image diagnosis of cancer as agents for non-invasive visualisation of 
tumours and their metastasis with imaging diagnostic techniques, such as SPECT or 
PET. Therefore, Sigma-2 receptors constitute targets of great interest for cancer- 
fighting tools. 

r001 51 Antagonists of Sigma-2 receptors can prevent the irreversible 

motor side effects caused by typical neuroleptic agents. In fact, it has been found 
that antagonists of Sigma-2 receptors can be useful as agents for improving the 
weakening effects of delayed dyskinesia appearing in patients due to chronic 
treatment of psychosis with typical antipsychotic drugs, such as haloperidol. Sigma- 
2 receptors also seem to play a role in certain degenerative disorders in which 
blocking these receptors could be useful. For more information on Sigma-2 
receptors, see the article by W.D. Bowen-Pj. 

[00161 Sigma-2 receptors seem, to be involved in numerous 

physiological functions; however, as with Sigma-1 receptors the actual role played 
by Sigma-2 receptors is not entirely known, so that the need exists to increase their 
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understanding. An alternative for contributing to the understanding of the 
physiological functions in which said Sigma-2 receptors are involved consists of 
developing animal models intended for studying the physiology and pathology in 
which the receptors may be involved and the effect of drugs potentially useful in the 
treatment and prevention of the pathologies in which said receptors are involved. 

"Knockout" technique 

r001 71 Genetic manipulation of mammals allows obtaining transgenic animals 

expressing a specific gene, or alternatively having a gene inactivated by a specific 
mutation ("knockout" or mutant animals). In both cases their potential use for 
designing experimental models in laboratory animals allowing analysing the function 
of a given gene in vivo is obvious. 

[0018] The "knockout" technique for generating mutant animals is well 

established and is the object of many publications. By way of example, the following 
U.S. patents may be cited: US 5,464,764, US 5,487,992, US 5,627,059, US 
5,631,153, US 6,194,633, US 6,207,876, US 6,239,326, US 6,245,963, US 
6,245,965 and US 6,252,132, among others. 

[0019] Lack of expression of a gene can confer a new phenotype to a 

mutant animal. Depending on the gene that is not expressed by the animal, it can 
become more or less susceptible to a given pathologic alteration. These mutant 
animals are valuable models for an in vivo study of the role of the gene, as well as in 
the study of compounds that could be potentially useful in treatment or prevention of 
pathologies related to the lack or expression or ineffective expression of the product 
of this gene. 

[00201 Although Sigma receptors have been described to show an 

affinity for compounds with diverse pharmacological activity, the actual role played 

by these receptors is currently unknown, so that it is necessary to generate animal 

models to study in vivo the role played by endogenous Sigma receptors. A mutant 

animal deficient in endogenous Sigma receptors would contribute to defining the role 

played in vivo by these receptors and would allow designing and evaluating 

compounds potentially interesting for treating processes related to the null or 
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ineffective expression of these Sigma receptors. The invention provides a solution 
to this current need. 

SUMMARY OF THE INVENTION 
f 00211 The invention relates to a non-human mutant mammal with somatic 

and germ cells in which at least one allele and preferably both alleles of an 
endogenous Sigma receptor gene contain an exogenous DNA inserted in said gene 
such that the mutant non-human mammal does not express the product of the 
endogenous Sigma receptor gene. Said Sigma receptor may be any Sigma 
receptor, such as Sigma-1 receptor or Sigma-2 receptor. In a specific embodiment, 
the exogenous DNA inserted in the endogenous Sigma gene allele comprises a 
positive selection marker. 

[00221 Therefore, in one aspect the i n v e ntion r e l a tes-te-a viable oo n h u;n* aB: 

m amma l wh o se g enome includ es t h e mut at ed S igm a rec e ptor gene and lacks detectable levels 
of-messeage r RNA (frr^mtei-ffi^fe*^^ rec epto*v4**H*^fieetf*e 

m ammal class, suc h as a mutant mous e deficien t in the endogenous Sigma 1 receptor. , the 
invention relates to a viable non-human mammal whose genome includes the 
mutated Sigma receptor gene and lacks detectable levels of messenger RNA or 
proteins for said endogenous Sigma receptor. In a specific embodiment, said non- 
human mutant mammal is a non-human animal belonging to the mammal class, 
such as a mutant mouse deficient in the endogenous Sigma 1 receptor. 

r00231 Mice deficient in the Sigma-1 receptor are viable, fertile and in 

laboratory conditions do not show manifest any symptoms distinguishing them from 
genetically similar mice lacking said mutation. In controlled stabling conditions^ mice 
mutant in the Sigma-1 receptor are indistinguishable from their wild litter brothers. 
The function (or dysfunction) of the Sigma-1 receptor has been postulated to be 
associated to disorders in the central nervous system, such as anxiety, depression, 
schizophrenia or psychosis. The Sigma-1 receptor seems to have anti-amnesic and 
neuro-protective activity and it has been also related to perception and transduction 
of analgesia, addiction or stress. For th e se situations, which humans may arrive at in 
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j»afee4egi^ c o n dit io ns, a- m ous e de fi ci en t in the S igma 1 re ee p tor ca n b e u s eful b oth in th e 
study of the said si tuations and to validate and/or develop drugs designed to r e gulate or 
palliate the effects of th e pathological alt e rations and conditions in which said Sigma i 
recep t ors are involve d^ 

r00241 For these situations, which humans may arrive at in pathologic 

conditions, a mouse deficient in the Sigma-1 receptor can be useful both in the study 
of the said situations and to validate and/or develop drugs designed to regulate or 
palliate the effects of the pathological alterations and conditions in which said 
Sigma-1 receptors are involved . 

r00251 In another specific embodiment, said non-human mutant mammal is a 

non-human animal belonging to the mammal class, such as a mutant mouse 
deficient in the endogenous Sigma-2 receptor. Sigma-2 receptors seem to be 
targets of great interest for designing diagnostic and therapeutic tools to fight cancer 
and/or compounds able to prevent, reduce or alleviate the motor side effects in 
patients subjected to continued treatment with neuroleptic agents. Thus, mice 
deficient in Sigma-2 receptors could be useful for validating and/or developing drugs 
designed for diagnosing or treating cancer, for validation and/or developing drugs 
designed to prevent and /or treat degenerative processes, and to validate and/or 
develop drugs for preventing, reducing or alleviating the side effects associated to 
the continued administration to a patient of neuroleptic agents, specifically motor 
side effects. 

r00261 The mutation in the endogenous Sigma receptor gene present in a cell 

genome can be inserted by homologous recombination in said cell between an allele 
of the endogenous Sigma receptor and a homologous recombination vector with 
positive-negative selection comprising regions of homology with corresponding 
nucleotide sequences present in said endogenous Sigma receptor gene, and 
selecting the recombinant homologues by the positive-negative selection technique, 
which are then introduced in embryos that are later implanted in receptor females for 
an adequate gestation that is carried to full term. The chimeras able to efficiently 
transmit the genotype of the recombinant homologues to their offspring via the germ 
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line are crossed with wild non-human mammals to obtain mutant heterozygotes to 
disrupt the endogenous Sigma receptor gene, and later the mutant heterozygotes 
are crossed with one other to produce mutant homozygotes, following a classic 
Mendelian allele segregation. 

[00271 In a specific embodiment, said non-human mutant mammal deficient in 

an endogenous Sigma receptor is a heterozygous mutant for said mutation, while 
in another specific embodiment said non-human mutant mammal is a homozygous 
mutant for said mutation. 

[00281 The offspring of the non-human mutant mammal deficient in an 

endogenous Sigma receptor constitutes an additional aspect of the present 
invention. 

r00291 In another aspect, the invention relates to cells isolated from said non- 

human mutant mammal deficient in an endogenous Sigma receptor, which can be 
propagated and optionally immortalised. These cells can be heterozygotes, i.e. A 
containing one mutant allele and one wild type allele for the endogenous Sigma 
receptor gene, or homozygotes, i.e. A containing two mutant alleles for the 
endogenous Sigma receptor gene. 

[00301 In another aspect, the invention relates to a homologous 

recombination vector with positive-negative selection, useful for introducing a 
functional disruption in a Sigma receptor gene, comprising: a) a first homology 
region, positioned at the 5' end of a nucleotide sequence encoding a positive 
selection marker, wherein said first homology region has a nucleotide sequence that 
is substantially identical to a first sequence of a Sigma receptor gene; b) a 
nucleotide sequence encoding a positive selection ; c) a second homology region, 
positioned at the 3' end of said nucleotide sequence encoding a positive selection 
marker, wherein said second homology region has a nucleotide sequence that is 
substantially identical to a second sequence of the Sigma receptor gene, the second 
Sigma receptor gene being positioned 3' to the aforementioned first sequence of the 
Sigma receptor gene in a wild type endogenous Sigma gene; and d) a nucleotide 
sequence encoding a negative selection marker. 
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[00311 In another aspect, the invention relates to a host cell in which 

the aforementioned homologous recombination vector with positive-negative 
selection has been introduced by homologous recombination between said vector 
and the corresponding endogenous Sigma receptor gene of said host cell, producing 
a functional disruption in this endogenous Sigma receptor gene. In a specific 
embodiment, said host cell is a differentiated cell that normally expresses the 
product of a Sigma receptor gene or an undifferentiated immortal pluripotent cell, 
such as an ES embryonic stem cell established from the internal cell mass of the 
embryo in the preimplantation phase known as blastocyst. In a specific 
embodiment, these ES embryonic cells are mouse cells. 

[00321 The non-human mutant mammal of the invention can be used as an 

animal model for studying in vivo the role played by endogenous Sigma receptors as 
well as for designing and evaluating chemical compounds potentially of interest for 
treating pathological alterations related to the null or ineffective expression of the 
products of said genes, or in which said genes are involved. Additionally, said non- 
human mutant mammal of the invention could be used a source of cells for cell 
cultures. 

[0033] Additional aspects of the present invention will be obvious to a» 

expm one in the field in view of the description and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows Fiqures 1A. B show schematically the first cDNA (Figure 

1A) and genomic (Figure 1B) clones obtained by RT-PCR or 
PCR methods respectively. Figure 1 A shows the pmcS1/N 
plasmid, corresponding to the cDNA fragment with 1020 base 
pairs obtained from the MS2/MS4 oligonucleotides {[see Table 
"Ml 

Figure 2 shows the map of sequences adjacent to the 
mouse Sigma-1 receptor gene obtained by overlapping the 
maps corresponding to the four bacteriophage clones (ASg1 , 
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ASg2, ASg5, ASg6) isolated with the 5' and 3' sequences, 
surrounding the published gene sequence. The abbreviations 
of the restriction enzymes are described in Figure 3. Black 
squares correspond to the four exons of the mouse Sigma-1 
receptor gene^ 

Figure 3 shows schematically the various original plasmids 
obtained with genomic DNA inserts corresponding to sequences 
positioned at the 5' and 3 ! regions of the mouse Sigma-1 
receptor gene, identified for subsequent use in constructing the 
homologous recombination vector. The restriction enzyme 
abbreviations are included. Black boxes correspond to the four 
exons of the mouse Sigma-1 receptor gene^ 

Figure 4 shows schematically the sequence of the mouse 
Sigma-1 receptor gene to be eliminated by homologous 
recombination processes in mouse ES cells, using the 
AF030199 sequence as reference. Black squares represent the 
encoding areas, while striped squares represent the 5' and 3' 
sequences transcribed but not translated^ 

Figure 5 shows schematically the 5' and 3' homology 
sequences, of 6.8 and 3.1 kb size respectively, selected for 
inclusion in the pHR53TK homologous recombination vector in 
order to inactivate the mouse Sigma-1 receptor gene. 
Abbreviations of the restriction enzymes are described in Figure 
2r3: 

Figure 6 illustrates the verification of the DNA sequence in 
the transcriptional fusion between the 5' homology region of the 
mouse Sigma-1 receptor gene and the first nucleotides of the 
lacZ indicator gene present in the pHM2 vector^ 

Figure 7 shows the map of the homologous recombination 

vector for inactivation of the mouse Sigma-1 receptor gene in 
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ES embryonic cells. The single restriction site Sal I is indicated, 
identifying the vector linearisation point for its transfection in ES 
cells' 

Figure 8 illustrates the experimental design used to 
distinguish the mutant allele from the wild allele of the mouse 
Sigma-1 receptor gene in analysis by polymorphisms associated 
to restriction enzyme digestion in Southern blot analysis^ 

Figure 9 shows the result of the Southern blot analysis of 
the genomic DNA corresponding to the 12 positive clones of the 
recombinant ES cell clones showing the expected 
polymorphisms, both with the 5' probe and the 3' probe. Lanes 
C and M represent control ES cell DNA and a molecular mass 
marker^ 

Figure 10 shows the scheme of the PCR analytic tests used 
to establish the genotype of the mice carrying mutant and wild 
alleles of the Sigma-1 receptor gene^ 

Figure 1 1 shows the results of the Southern blot 
cBwhree sanalyzes of wild homozygotes (+/+), heterozygotes (+/-) 
and mutant homozygotes (-/-) by digestion of genomic DNA with 
the Hind III and EcoR I enzymes and consecutive hybridisation 
with the 5' and 3* probes, respectively. The size of the DNA 
fragments correspond to the values expected by the 
experimental design (Figure 8y x 

Figure 12 shows the results of the Northern blot 
analyses analyzes of the mouse Sigma-1 receptor (mSR1 ) in total 
liver, kidney, brain and heart isolated RNA from mouse wild 
homozygotes (+/+), heterozygotes (+/-) and mutant 
homozygotes (-/-). The photograph of the ribosome RNA used 
as load control is included in the bottom area^ 
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Figure 1 3 shows the results of the Western blot 
analvses analyzes of mouse wild homozygotes (+/+), 
heterozygotes (+/-) and mutant homozygotes (-/-) illustrating the 
expression of the Sigma-1 receptor gene in the mouse brain 
using a specific polyclonal antibody for the mouse Sigma-1 
receptor? ; and 

Figures 14A, B Figure 14 illustrates the activity (function) of the mouse 
Sigma-1 receptor by a specific binding test to the [ 3 H]- 
pentazocine ligand. Figure 14A is a graph representing specific 
binding (ordinates) of said ligand to the Sigma-1 receptors of 
wild homozygous, heterozygous and mutant homozygous mice 
as a function of ligand concentration (abscissa). Figure 14B is a 
graph representing the "bound ligand/free ligand" (B/F) ratio 
(ordinates) versus the bound ligand concentration (abscissas) 
as a function of the origin of said Sigma-1 receptors (wild 
homozygous, heterozygous and mutant homozygous mice). 

DETAILED DESCRIPTION OF THE INVENTION 
[00341 In one of its aspects, the invention provides a non-human mutant 

mammal deficient in an endogenous Sigma receptor, hereinafter referred to as the 
non-human mutant mammal of the invention, whose genome contains a mutation 
comprising a disruption in an endogenous Sigma receptor gene.r 

[00351 The term "non-human mammal" as used in this description 

includes any non-human animal belonging to the mammal class, such as mice. The 
term "non-human mutant mammal of the invention", as used herein, refers to a non- 
human mammal manipulated so that it is deficient in an endogenous Sigma 
receptor, this is, it has a mutation preventing the normal expression of the product of 
a Sigma receptor gene, and thus lacks detectable levels of messenger RNA or 
protein for the endogenous Sigma receptor. The expression "non-human mutant 
mammal of the invention" includes both heterozygous mutants (those containing a 
mutant allele and a wild type allele of the endogenous Sigma receptor gene) and 
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homozygotes. In a specific preferred embodiment of this invention, the non-human 
mutant mammal of the invention is a homozygous mutant, this is, it contains both 
mutant alleles of the endogenous Sigma receptor gene resulting in a non-detectable 
expression of the gene product. 

[00361 The term "Sigma receptor", as used herein, relates to the type-1 

Sigma receptor (Sigma-1 ) and to the type-2 Sigma receptor (Sigma-2). 

[0037] The mutation present in the genome of the non-human mammal 

of the invention can be present in either somatic cells or germ cells of the non- 
human mutant mammal of the invention. Advantageously, said mutation is present 
in the germ cells of the non-human mutant mammal of the invention, thereby 
conferring to it the ability to transmit the mutation to its offspring. Therefore, in a 
specific embodiment of the invention^ the non-human mutant mammal of the 
invention is fertile and can transmit its mutation to its offspring. 

1*00381 The mutation present in the non-human mutant mammal of the 

invention comprises an insertion, deletion or punctual mutation causing a functional 
disruption in an endogenous Sigma receptor gene, giving rise to a non-human 
mutant mammal deficient in said endogenous Sigma receptor. In a specific 
embodiment, the genome of the non-human mutant mammal of the invention 
comprises a transgene within the mutation inserted in the endogenous Sigma 
receptor gene. By way of illustration, said transgene comprises a gene encoding a 
positive selection marker, such as the neomycin phosphotransferase (neo) gene 
encoding resistance to neomycin or any other positive selection marker mentioned 
below in relation to the homologous recombination vector with positive-negative 
selection provided by this invention. 

[00391 In a specific embodiment of this invention, a mutant mouse is 

provided deficient in the endogenous Sigma-1 receptor, homozygous for the 
endogenous Sigma-1 receptor gene, fertile, whose genome contains a disruption in 
said gene comprising the neo gene. 

[00401 The non-human mutant mammal of the invention can be obtained by a 

process comprising the insertion of a functional disruption in an endogenous Sigma 
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receptor gene present in a cell genome. In a specific embodiment, said functional 
disruption is introduced by homologous recombination in an endogenous Sigma 
receptor gene, such as in the Sigma-1 receptor gene or in the'Sigma-2 receptor 
gene present in the genome of a suitable cell, such as a differentiated cell that 
normally expresses said Sigma receptor gene, or an ES pluripotent embryonic cell, 
by introducing a homologous recombination vector with positive-negative selection in 
said cell and selecting the recombinant homologues by the positive-negative 
selection technique, which can be used to generate the non-human mutant mammal 
of the invention as described hereinafter. Alternatively, the non-human mutant 
mammal of the invention can be made by classical crossing techniques, or by in vitro 
fef^i^&ett fertilization . between non-human mutant mammals of the invention acting 
as parents. 

[00411 In another aspect, the invention provides recombinant clones of 

pluripotent embryonic ES heterozygous cells, this is, having one of the gene alleles 
of a Sigma receptor mutated. From these cells x it is possible to obtain chimeras 
and from these non-human mutant mammals deficient in a Sigma receptor. In a 
specific embodiment, said pluripotent embryonic ES heterozygous cells are mouse 
cells, from which chimeras can be obtained and, from these, mutant mice deficient 
in a Sigma receptor. 

f00421 In another aspect^ the invention provides a homologous 

recombination vector with positive negative selection, hereinafter the vector of the 
invention, comprising: 

[00431 a)-A first homology region positioned at the 5' end of a nucleotide 

sequence encoding a positive selection marker, wherein said first homology region 
has a nucleotide sequence that is substantially identical to a first sequence of a 
Sigma receptor gene; 

[00441 b)-A nucleotide sequence encoding a positive selection marker; 

[00451 e>A second homology region positioned at the 3' end of said 

nucleotide sequence encoding a positive selection marker, wherein said second 
homology region has a nucleotide sequence that is substantially identical to a 
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second nucleotide sequence of said Sigma receptor gene, this second sequence of 
the Sigma receptor gene being positioned at 3' to the first sequence of the Sigma 
receptor gene in a wild type endogenous Sigma gene; and 

[00461 d)-A nucleotide sequence encoding a negative selection marker. 

[00471 The Sigma receptor can be any Sigma receptor, such as a 

Sigma-1 or Sigma-2 receptor. 

[00481 The vector of the invention can be used to insert a functional disruption 

in an endogenous Sigma receptor gene, such as in the Sigma-1 receptor or Sigma-2 
receptor gene, contained in a cell genome by the homologous recombination 
technique and a positive-negative selection of the homologous recombinants, which 
can be used to make non-human mutant mammal deficient in an endogenous 
Sigma receptor. 

[00491 The nucleotide sequence encoding the positive selection marker 

is flanked at its 5' and 3' positions by nucleotide sequences substantially identical to 
sequences of said Sigma receptor gene corresponding to the aforementioned first 
and second homology regions, respectively. As used in this description, a 
nucleotide sequence is "substantially identical" to a sequence of a Sigma receptor 
gene when said nucleotide sequence is sufficiently homologous with the sequence 
of said Sigma receptor gene to allow a homologous recombination between said 
nucleotide sequence and a sequence of the endogenous Sigma gene in a host cell. 
Typically, nucleotide sequences of said first and second homology regions are at 
least 90%, preferably 95% and more preferably 100%, identical to the nucleotide 
sequence of the endogenous Sigma receptor for which they are intended for 
homologous recombination. Advantageously, said first and second homology region s are 
i sogenic with re s pect to the endogenous allele for which t he y are inten de d (thi s is, the DNA 
of said homology regions is isolated from cells from the same gene bank as that of the cell in 
which the vector of the invention will be ins e rt e d). Said homology regions must be 
sufficiently long to allow the homologous recombination bet ween the vector of the invention 
and the e ndo g e n ous Si g m a receptor g ene in a host cell when the vector of the inv entio n is 
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iftsert ed in said cell. Typical tyr-the 
(kbK and preferably at least 10 kb. 



engiiv 




roo5oi 



Advantageously, said first and second homology regions are isogenic 



with respect to the endogenous allele for which they are intended (this is, the DNA of 
said homology regions is isolated from cells from the same gene bank as that of the 
ceil in which the vector of the invention will be inserted). Said homology regions 
must be sufficiently long to allow the homologous recombination between the vector 
of the invention and the endogenous Sigma receptor gene in a host cell when the 
vector of the invention is inserted in said cell Typically, the total length of said 
homology regions is at least 5 kilobases (kb), and preferably at least 10 kb. 

r0051l In a specific embodiment, said first and second homology regions are 

chosen such that their nucleotide sequences are substantially identical to the 
corresponding nucleotide sequences of the endogenous Sigma receptor gene 
flanking a region of said gene to be eliminated by homologous recombination and 
replaced with the nucleotide sequence encoding a positive selection marker. 

[00521 Said first and second homology regions will be chosen according to the 

endogenous Sigma receptor gene seguence in which a disruption will be inserted to 
give rise to an absence of appreciable levels of the endogenous Sigma receptor in 
the recombinant homoloque, and thus also depending on the mutant animal 
deficient in the endogenous Sigma receptor to be obtained. The cDNA seguence 
encoding the Sigma~1 receptor in guinea pigs, the cDNA sequence and the Sigma-1 
receptor gene in humans, and the cDNA seguence encoding the Sigma- 1 receptor 
in rats have been described in Hanner. Kekuda. Seth. 1997, Seth, 1998, and 
Prasad. 

[00531 S a i d first an d s e con d h om ology r eg io n s will be chosen according to the 

e ndogenous Sigma receptor gone sequence in which a disruption will be ins e rted to give ris e 
to an absence of appreciable lev e ls of the endogenous Sigma receptor in th o recombinant 
homologuo, and thus also depending on the mutant animal deficient in the endogenous Sigma 
receptor to be obtained. The cDNA sequence encoding the Si gma - 1 r ec e pt or in g uin ea pigs , 
tho cDNA sequence and th e Sigma 1 receptor gene in humans, and tho cDNA s e qu e nce 
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codes encoding endogenous Sigma-1 receptors of animals whose nucleotide 
sequence is still not known can be obtained by conventional methods from gene 
libraries for cells of such species in view of the sequences of known Sigma-1 
receptor genes due to the high homology observed among them. Additionally, 
information on the genomic DNA or cDNA sequence pf the Sigma-2 receptor gene 
can be obtained from publications or databases of nucleic acid or protein 
sequences, or instead genomic or cDNA clones can be obtained encoding 
endogenous Sigma-2 receptors by conventional methods with the necessary 
modifications from gene libraries of cells expressing them by a strategy similar to 
that described in Examples 1 and 2 of this description, or by approximations similar, 
with the necessary modifications, to those followed by other authors to obtain the 
sequence encoding the Sigma-1 receptor gene f44 (see Hanner) . 

[00541 Said first and second homology regions can be obtained by 

conventional methods, in view of the nucleotide sequence of the Sigma receptor 
gene in which a disruption will be introduced, such as by using a polymerase chain 
reaction (PCR) or RT/PCR {{reverse transcription / polymerase chain reaction}) 
using the appropriate initiator oligonucleotides. Example 1.1 describes the isolation 
of the mouse Sigma-1 receptor gene. 

r00551 In a specific embodiment, the vector of the invention comprises a first 

homology region whose nucleotide sequence is substantially identical to a first 
nucleotide sequence of 6.8 kb of the mouse Sigma-1 receptor gene and a second 
homology region whose nucleotide sequence is substantially identical to a second 
nucleotide sequence of 3.1 kb of said gene in the mouse Sigma-1 receptor gene, 
delimiting a 1.9 kb sequence of said gene [(see Figure 5}} that is eliminated by 
homologous recombination with the vector of the invention. 

[00561 The nucleotide sequence encoding the positive selection marker 

confers a positive selection characteristic in cells containing it, thisthat is, it allows 
selecting the cells containing and expressing said positive selection marker against 
the cells that do not contain it. The nucleotide sequence encoding the positive 
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selection marker can be operatively bound to regulating elements that control the 
expression of said marker independently, constituting a positive expression cassette, 
or the vector of the invention can be constructed so that the expression of said 
marker can take place under control of the elements regulating the endogenous 



vector of the invention : il lustrativ e examples of positive s e lection markers can be f ound , 
e xample, in the description of U.S. Patent no. 5, 4 6 4 ,76 4 . In. a s pe ci fic e mbodiment the vector 



resist an c e to -eell mo rtality a s sociated to treatm e nt with the antibi otic n e orr^ein-e^ene-eF-ks 
analogues, su c h as G418 su lphate, 



vector of the invention. Illustrative examples of positive selection markers can be 
found, for example, in the description of U.S. Patent no. 5,464,764. In a specific 
embodiment, the vector of the invention contains a nucleotide sequence comprising 
the neo gene that confers resistance to cell mortality associated to treatment with 
the antibiotic neomycin or one of its analogues, such as G418 sulphate. 

r00581 The nucleotide sequence encoding the negative selection 

marker is positioned distally, 5' or 3' to the first and second homology regions 
respectively, and is operatively bound to the regulating elements controlling the 
expression of said negative selection marker constituting a negative selection 
expression cassette. Advantageously, said nucleotide sequence encoding the 
negative marker is substantially "not identical" to any sequence of the Sigma 
receptor gene, so that the nucleotide sequence encoding the negative selection 
marker is not sufficiently homologous with any sequence of the Sigma receptor gene 
to allow a homologous recombination between said sequences, this is, the degree of 
identity between the nucleotides of said nucleotide sequence encoding the negative 
selection marker and the sequence of the Sigma receptor gene must be less than 
45%, preferably less than 30%, in order to prevent undesired recombinations. 
Furthermore, this nucleotide sequence, advantageously, is not identical to any other sequence 
of th e non human mammars genom e . The negativ e selection mark e r confers a n e gative 



Sigma receptor gene. AJmest-a 




k^..A.i.c^/ii....t.^.-/rirtii.ci'.jrj.ii^.t.._i".}^£9 




f00571 



Almost any positive selection marker can be used to construct the 
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selee^n-rnark^r characteri stic s to cells c on ta in in g it , th i s is, it allows s ele cting c e lls thatnte 
not contain said negativ e s e lection marker from thos e c e lls c o nt aining an d expressing it, as 
the latter will, die due to th e action of the negativ e selection agent whi le those that do not 
eefttain fewitiHSwviy^ se lection-mariner can b e used-te 

eenstraett^ 

sequence enee ding -sai^ is net-subst an t i a l l y ide nti cal to th e 

nucl e otide se q uence o f t he endogenous S i gma receptor gen e nor to any other sequence of the 
eea^HHwafHawmff^^ p r ef er ab ly . 15^ amp 1 es4feistr-atffig-n e gat i v e 

seleetiewrtHariee rs ca n4>e4cvund^-fer-ex-ampl e ? in U.S. Patent n o . 5, 4 6 4 ,76 4 . I n-a-speerfi-e 
e mbo dim e nt of t hi s in ve nti on, the vector of the invention contains a nucleotide sequence 
comprisin g the t h ymidine kinase {tk) gene of the herpes simplex virus (HSV). The DMA 
synthes is can h e4nterropfe44n-eefe^ and expressing said tk gene. These cells can be 

el*n™rate4^ 
se l ec tion ag e nt . 

r00591 Furthermore, this nucleotide sequence, advantageously, is not 

identical to any other sequence of the non-human mammal's genome. The negative 
selection marker confers a negative selection marker characteristics to cells 
containing it, that is, it allows selecting cells that do not contain said negative 
selection marker from those ceils containing and expressing it, as the latter will die 
due to the action of the negative selection agent, while those that do not contain it 
will survive. Although almost any negative selection marker can be used to 
construct the vector of the invention, the ones fulfilling the condition that the 
nucleotide sequence encoding said negative selection marker is not substantially 
identical to the nucleotide seguence of the endogenous Sigma receptor gene nor to 
any other sequence of the non-human mammal genome shall be selected 
preferably. 

r00601 Examples illustrating negative selection markers can be found, for 

example, in U.S. Patent no. 5,464, 764. In a specific embodiment of this invention, 
the vector of the invention contains a nucleotide seguence comprising the thymidine 
kinase (tk) gene of the herpes simplex virus (HSV). The DNA synthesis can be 
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interrupted in cells containing and expressing said f/cgene. These cells can be 
eliminated using ganciclovir or any functionally equivalent nucleotidic analogue as a 
negative selection agent. 

[00611 In a specific embodiment, the vector of the invention is a homologous 

recombination vector with positive-negative selection comprising first and second 
homology regions substantially identical to a first and second sequence, 
respectively, of the mouse Sigma-1 gene, a nucleotide sequence comprising the neo 
gene and a nucleotide sequence comprising the r/cgene, such as the vector known 
as pHR53TK f(see Figure 7}}, which can be used to transform mouse cells, such as 
ES embryonic mouse cells, containing the endogenous Sigma-1 receptor gene, by 
homologous recombination and to obtain mouse cells, firstly with one of the mutated 
alleles of the endogenous Sigma-1 receptor gene, and secondly, by a second 
homologous recombination event in the remaining wild allele of the genome, which 
lacks detectable levels of messenger RNA or protein for the endogenous Sigma-1 
receptor. Example 1.2 describes in detail the construction of the pHR53TK vector. 

[00621 The homologous recombination vector with positive-negative 

selection provided by this invention can be constructed by conventional methods of 
digestion with restriction and binding enzymes and similar ones such as those 
described by Sambrook et aL [171. , Fitsch and Maniatis, eds M (1989) "Molecular 
Cloning: A Laboratory Manual". Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor NY. (hereinafter Sambrook) 

[00631 The vector of the invention allows using the "positive-negative" 

selection technique to select the homologous recombinants, tte sthat is, it allows 
selecting the cells in which this vector has been inserted as these contain and 
express the positive selection marker but have lost the negative selection marker as 
a result of the homologous recombination between the vector and the endogenous 
Sigma receptor gene. 

[00641 The vector of the invention can be used to insert a functional disruption 

in an endogenous Sigma receptor gene, such as in the Sigma-1 receptor gene or 
the Sigma-2 receptor gene, present in the non-human mammal cell genome and 
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create recombinant homologues (recombinant host cells) that, in turn, can be used 
to generate non-human mutant mammals deficient in an endogenous Sigma 
receptor. For this purpose, the vector of the invention is inserted in said cell by any 
conventional method suitable for inserting exogenous PNA in a cell, such as 
precipitation with calcium phosphate, transfection, microinjection, lipofection, etc., 
preferably by electro oration. 

[0065] After introducing the vector of the invention in the host cell, the latter is 

cultured for a suitable period under conditions allowing the homologous 
recombination between the vector of the invention and the endogenous Sigma 
receptor gene. The homologous recombinants are selected by the positive-negative 
selection process and the existence of homologous recombination in the locus of the 
endogenous Sigma receptor gene is analyzed by conventional techniques, such as 
a Southern blot analysis using a probe that allows differentiating the normal 
endogenous allele (wild type) and the homologous recombinant allele. 

f00661 The vector of the in vention can be used to insert a functional disruption in an 

reeeptarHge^ 

h om o lo gu e s (r e co mb i nan t fa to ge n e rat e n o n -h um an m u ta n t 

mammals deficient in an endogenous Sigma receptor. For this pu rpos e , th e vector of the 
invention is inserted in said cell by any conventional mefeed suitabl e f or i n sertin g e xo g enous 
DNA in a cell, such as precipitation with calcium phospha t e, tr a n sectio n, microi njection^ 
lipof e ction, etc, preferably by el e ctro oration. Aft e r introducing th e v e ctor of the inv e ntion in 
the host cell, the latter is cultured for a suitable p e riod under conditions allowing the 
homo log ous r e c ombination bet ween the vector of the i n vent ion and the endogenous Sigma 

process and the existence of homologous recombination in th e locus of the endogenous 
Sigma rec e ptor gene is analys e d by conv en ti o nal te c hniqu e s, such as a South e rn blot ana l ysis 
using a pr o be that allows differentiating the normal endogenous allele (wild type) and the 
homologous recombinant allele. Example 2.1 describes the inactivation of the mouse 
Sigma-1 receptor gene by homologous recombination in mouse ES embryonic cells 
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and the production of chimerical mice (chimeras) with a mutation in the mouse 
Sigma-1 receptor gene by the morula aggregation technique, evaluating 
transmission by germ line of said mutation by crossing the respective chimeras with 
females of a receptor strain, such as a female of the CD-1 non-inbred strain whose 
albino fur is clearly distinguishable from the pigmented fur characteristic of the Fi 
hybrid rats generated by crosses between strains 129X1/SvJ and 129S1/Sv from 
which the ES R1 cells used in the homologous recombination process are obtained. 

[0067] The homologous recombinants (recombinant host cells) containing an 

allele of the mutated Sigma receptor gene can be used to make the non-human 
mutant mammals of the invention. For this purpose, the recombinant host cells 
containing a disruption in the endogenous Sigma receptor gene are introduced in 
embryos by conventional methods, such as by aggregating the recombinant cells 
with embryos in an 8-cell stage (morulae), which are then implanted in 
pseudogestating receptor female mammals and the embryos are allowed to come to 
term. The resulting animals are chimeras on which the transmittability of the 
mutation by germ path is analvsed. analyzed. Chimeras that can efficiently transmit 
the genotype of the host cells to their offspring by germ line are crossed with wild 
type non-human mammals to obtain heterozygous mutants for disrupting the 
endogenous Sigma gene in somatic and germ cells. The heterozygous mutants are 
then crossed among themselves to obtains homozygous mutants. Example 2.2 
describes the production of mutant mice (heterozygous and homozygous) for the 
endogenous Sigma-1 receptor gene, verifying that they were deficient in said gene 
as described in Example 2.3 by the corresponding structural ana l y s es analyzes of 
expression and function in homozygous mutant mice. 

[00681 The offspring of a non-human mutant mammal of the invention, 

which constitutes an additional aspect of this invention, can be obtained by 
conventional methods, such as by classical crossing techniques between non- 
human mutant mammal of the invention (parents) or, alternatively, by in vitro 
fertilisation of ova and/or sperm of the non-human mutant mammal of the invention, 
or by cloning by nuclear transference and later reconstruction of enucleated ova with 

nuclei of mutant cells or embryonic or somatic cells carrying the mutation. As used 
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in this description, the term "offspring" and "offspring of a non-human mutant 
mammal of the invention" relates to each and every offspring of each generation 
after the originally transformed non-human mammals. 

[0069] The non-human mutant mammal of the invention can be used as 

control animals for in vivo trials (see further below). Additionally, the non-human 
mutant mammal of the invention can be used as a source of somatic, foetal or 
embryonic cells, which once isolated and cultured can be used in in vitro tests. In 
addition, if desired, it is possible to prepare immortalised cell lines from said cells 
using conventional techniques [1 8 21], Tte r ia 

isolate d -eell l i a e d er i ^^H^ mam m al, of the invention. In a s peet#e 

embodiment, the cell l i ne provided by this invention is a murine cell tine, s uch as an (see 
Crane MS (1999) Mutagenesis and cell transformation in cell culture. Methods Cell 
Sci. 21(4):245-253 (hereinafter Crane); Earnest D.J., Liang F.Q., DiGiorgio S., 
Gallagher M., Harvey B„ Earnest B., Seiqel G. (1999) Establishment and 
characterization of adenoviral E1A immortalized cell lines derived from the rat 
suprachiasmatic nucleus. J. Neurobiol. Apr; 39(1): 1-1 3 (hereinafter Liang); 
Schwartz B. ; Vicart P., Delouis C, Paulin D. (1991 ) Mammalian cell lines can be 
established in vitro upon expression of the SV40 large T antigen driven by a 
promoter seguence derived from the human vimentin gene. Biol. Cell. 73(1):7-14 
(hereinafter Schwartz); and Frederiksen K. t Jat P.S., Valtz N., Levy P., McKay R. 
(1988) Immortalization of precursor cells from the mammalian CNS. Neuron. Aug; 
1(6):439-448 (hereinafter Frederiksen). 

[00701 Thus, in another aspect, the invention provides an isolated cell line 

derived from the non-human mutant mammal of the invention. In a specific 
embodiment, the cell line provided by this invention is a murine cell line, such as a 
cell line of mouse ES embryonic cells comprising a mutation in the mouse Sigma-1 
receptor gene in which said cell line lacks detectable levels of Sigma-1 receptor. 

f00711 The non-human mutant mammals of the invention can be also used as 

model animals to study the role played in vivo by endogenous Sigma receptors, 
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specifically Sigma-1 receptors or Sigma-2 receptors, and as control animals for 
conducting in vivo trials. 

f00721 The Sigma-1 receptor seems to be involved in disorders of the central 

nervous system such as anxiety, depression or schizophrenia, in memory 
alterations, such as amnesia, and in stress and drug addiction conditions. 
Additionally, said Sigma-1 receptor seems to be involved in analgesia and 
neuroprotection processes. Thus, a non-human mutant mammal deficient in the 
Sigma-1 receptor, provided by this invention, can be useful in the study of such 
situations as well as to validate and/or develop drugs designed to regulate or 
alleviate the effects of the alterations and pathological conditions in which said 
Sigma-1 receptors are involved. 

[00731 Thus, in another aspect, the invention is related to the use of a non- 

human mutant mammal of the invention or of a cell line provided by this invention, 
deficient in the Sigma-1 receptor, to evaluate potentially useful compounds meant 
to: 

• prevent and/or treat disorders of the central nervous system, such as anxiety, 
schizophrenia or depression; 

• prevent and/or treat memory alterations, such as amnesia; 

• prevent and/or treat stress conditions; 

• prevent and/or treat drug addiction conditions; 

• produce analgesia; or 

• produce neuroprotection. 

f00741 Sigma-2 receptors seem to be targets in the design of both diagnostic 

and therapeutic tools for fighting cancer and/or degenerative processes and/or for 
designing compounds able to prevent, reduce or alleviate the secondary pathology 
associated with the administration of neuroleptic agents, such as motor secondary 
alterations caused in patients subject to continued treatment with neuroleptic agents 
such as haloperidol. Therefore, a non-human mammal deficient in the Sigma-2 
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receptor can be useful for validating and/or developing drugs designed for diagnostic 
and/or treatment of degenerative processes, or validating and/or developing drugs 
designed to prevent, reduce or alleviate the side effects associated with the 
continued administration to a patient of neuroleptic agents, in particular motor side 
effects. 

[00751 Thus, another aspect of the invention relates to the use of a non- 

human mutant mammal of the invention, or of a cell line provided by this invention, 
deficient in the Sigma-2 receptor, for validating and/or developing drugs designed 
for: 

• diagnosis or treatment of cancer; 

• prevention and/or treatment of degenerative processes, or to 

• prevent, reduce or alleviate the side effects associated with the 
administration of neuroleptic agents. 

[00761 In another aspect, the invention relates to a method for determining the 

effect of a compound to be tested on a non-human mammal deficient in an 
endogenous Sigma receptor, such as a Sigma-1 receptor or a Sigma-2 receptor, 
that involves placing a non-human mutant mammal of the invention in contact with 
the compound being tested and detecting the presence or absence of a 
physiological change in said non-human mutant mammal as a response to the 
contact with said compound; or instead administering said compound to be tested to 
a control non-human mammal that expresses the corresponding endogenous Sigma 
receptor, such as the Sigma-1 receptor or the Sigma-2 receptor, and observing 
whether said compound has an effect on the phenotype of said non-human mutant 
mammal when compared with the control non-human mammal. Any observable 
effect on the phenotype could in principle be related to the function (or dysfunction) 
of the Sigma receptor considered. 

[00771 In another aspect, the invention relates to a method for determining the 

effect of a compound on cells expressing a Sigma receptor, for example the Sigma- 
1 receptor or the Sigma-2 receptor, and on cells that do not express said Sigma 
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receptor, which comprises introducing said a-tested compound in a cell population or 
in a homogenisation of said cells, wherein said cells are isolated cells or cells 
established from a non-human mutant mammal of the invention, administering said 
compound being tested to a population of control non-human mammal cells, or to a 
homogenisation thereof, that express the corresponding functional Sigma receptor, 
and observing or analy r dng analyzinq whether said compound being tested has an 
effect on the expression of said Sigma receptor in the cells of the non-human mutant 
mammal of the invention in comparison with the control non-human mammal cells. 
In principle, any observable effect on the phenotype could be related to the function 
(or dysfunction) or the Sigma receptor considered. 

r00781 The following examples illustrate the invention and should not be 

considered as limiting the scope thereof. The combination of Examples 1 and 2 
describes in detail a procedure for generating mice with a mutation in the 
endogenous Sigma-1 receptor gene that lack detectable levels of the mouse Sigma- 
1 receptor. Example 1 describes the isolation and cloning of the mouse Sigma-1 
receptor gene and the construction of a homologous recombination vector with 
positive-negative selection, while Example 2 describes the transfection of ES mouse 
cells and the generation of mutant mice deficient in the murine Sigma-1 receptor. 

EXAMPLE 1 ^Isolation and cloning of the mouse Sigma-1 receptor gene and 

CONSTRUCTION OF A HOMOLOGOUS RECOMBINATION VECTOR WITH POSITIVE-NEGATIVE 
SELECTION 

1.1 Isolation of the mouse Sigma-1 receptor gene 

r0079l Using the published sequences for the mouse Sigma-1 receptor 

cDNA and gene f& KPrasad) , four oligonucleotides were designed in order to isolate 
and clone said gene. The characteristics of these oligonucleotides, known as MS1 , 
MS2, MS3 and MS4, are given in detail in Table I. The relative positions of these 
oligonucleotides with respect to the published mouse cDNA and gene sequences 
are schematically represented in Figure 1. 



Oligo- 


DNAs quence 


Position relative to 


Position relative to 


nucleotide 


(5'->3') 


the qene 


the cDNA 




TAF0301991 


TAF0301981 
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MM 


SEQ.ID.NO: 1 


2567-2584 




MS2 


SEQ.ID.NO: 2 


3437-3458 


113-134 -V 


MS3 


SEQ.ID;NO:3 - 


3726-3708 1? 


277-259 - 


MS4 


SEQ.ID.NO: 4 


5683-5664 » , > 


1132-1113 > v 



Table I 

Oligonucleotides used to clone the mouse Sigma-1 receptor gene 





■"f?: DNA sequence 


Position relative • 


Position relative 


. .11 U V1V vr 1 1 v» : ■ 


, (5 ? >3') : h; 


' to the gene 
|AF030i«>9| 


• •- ■to the cPNA ' ; 




SEQ.ID.NO: 1- 


., 2567 25S'T 






■ ,#/-^SE0:iD.NO:^ ■ i 


3437-3458 


: 1 13 13 1 






J. 3726 3 70S 


= 377 259 




SEQ.ID.NO: 4 


. 56S3 5664 


1132 1113 



r00801 These oligonucleotides were used to obtain specific DNA 

fragments with the expected size from the genomic DNA and total RNA of the NMRI 
and BALB/C mouse strains, using standard PCR and RT/PCR protocols 
f»K (Ausubel). Initially, the MS1/MS3 and MS2/MS4 oligonucleotide pairs were used, 
producing by PCR on genomic DNA fragments of 1 160 and 2246 base pairs (bp) 
respectively. In addition, from total RNA by RT-PCR the cDNA corresponding to the 
1020 bp fragment was cloned from the MS2/MS4 oligonucleotide pair. The DNA 
fragments obtained were sub-cloned in the Bluescript KS+ (Stratagene) plasmidic 
vector by standard methods [9]. Figure 1 describes the plasmids obtained with the cDNA 
and gon e sequenc es. In part icular, th e pmcSl/N plasmi d is descri be d, corresponding to di e 
1020 bp cDNA fragment, obtained from the MS2/MS 4 oligonucleotides, which was later 
nse c l to obtain genomic clo nes of the mou se Sigma 1 r e ceptor gene. (see Ausubel, F.M. t R. 
Brent R.E. Kingston, P.P. Moore, J. G. Seidman. J. A. Smith and K. Struhl. 1999. 
Current Protocols in Molecular Biology. John Wiley & sons, lnc. t hereinafter 
Ausubel). 

[00811 Figure 1 describes the plasmids obtained with the cPNA and gene 

seguences. In particular, the pmcS1/N plasmid is described, corresponding to the 

1020 bp cPNA fragment, obtained from the MS2/MS4 oligonucleotides, which was 

later used to obtain genomic clones of the mouse Sigma-1 receptor gene. 
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r00821 



Cloning by PCR and RT/PCR of the various genomic and cDNA 



fragments corresponding to the mouse Siqma-1 receptor gene provided specific 
genetic probes to be used in the isolation of intact genomic clones of a mouse gene 
bank. As the ulterior goal is to obtain a mouse mutant in this gene, it is necessary to 
obtain isogenic sequence clones (i.e., from the same mouse strain) in order to 
optimise the homologous recombination process in the pluripotent embryonic ES 
cells (see A.L. Jovner (1999) "Gene Targeting. A practical approach" Second 
Edition, IRL Press, Oxford University Press., hereinafter Joyner). 

[00831 Cloning by PCR and RT/PCR of the various genomic and cDNA 

fra gment s corresponding to th e m e mse Si g m£h4-geeeptor g e fte-p rev ided-spc^ifie-geitetis 

i t Ue Hor-goaHs^te^b toirx a mouse mut ant in th is gen e , it is n e cessary to obtai n iso g en ic 
seq ue nce clo ne s (i. e . from t he sam e mouse s tra in) in order to-eptunise tl i e-ho m elege«s 



employed, ES R1 cells H44 (see Naqy A, Rossant J, Nagy R, Abramow-Newerly W, 
Roder JC (1993) Derivation of completely cell culture-derived mice from early- 
passage embryonic stem cells. Proc Natl Acad Sci U S A 90: 8424-8., hereinafter 
Nagy) , are obtained from an F1 hybrid of two 129/Sv mouse sub-strains f(129X1/SvJ 
x 129S1/SvJ}). For this reason, it was decided to approach the isolation of genomic 
clones from a commercial gene bank prepared from DNA of 129/Sv mice 
(Stratagene, Cat. Nr. #946313). 1 x 10 6 recombinant clones from the gene bank 
were analys ed analyzed , distributed in 6 large plates (Nunc, 243 mm x 243 mm, 530 
cm 2 ) with 170,000 phages per plate, approximately. Two consecutive replicas were 
then obtained of each plate in a Nylon membrane (Hybond-N, Amersham). These 
membranes were hybridised with the specific probe corresponding to the pmcS1/N 
plasmid insert according to conventional protocols ffl r(Ausubel). 

100841 Initially, nine specific signals were identified (in both replica 

duplicates) and the bacteriophages present in the plates giving a positive signal were purified 
by conv e ntional protocols [91 lnitially, nine specific signals were identified (in both 
replica duplicates) and the bacteriophages present in the plates giving a positive 




T-The mouse ES cells 
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signal were purified by conventional protocols (Ausubel) . -Us e of th e af o r e m e ntion e d 
oligonucleotides (MSI, MS2, MS3 and MS 4 ) and a Southern blot analysi s allowed v e rifying 
that four of these selected clon e s ( Use of the aforementioned oligonucleotides (MS1, 
MS2, MS3 and MS4) and a Southern blot analysis allowed verifying that four of 
these selected clones ( AS^ Sql , A,£g£^ Sg2, Aik ^SgS, X S »6) contain ed the entire 
mouse Sigma. I receptor £en e . Sq6) contained the entire mouse Siqma-1 receptor gene. 

100851 Figure 2 shows the map of the sequences adjacent to the mouse 

Sigma-1 receptor gene obtained by overlapping the maps of the four 
aforementioned bacteriophage clones. The novel production was confirmed of a 
structural map of about 30 kilobases (kb) surrounding the gene, which exceeded 
published information deposited in the databases (less than 7 kb, centred around 
the gene) f64^ (Seth, 1997). These sequences were sub-cloned in plasmids to be 
used in the construction of the homologous recombination vector with positive- 
negative selection. Figure 3 shows the various original clones obtained with 
genomic sequences corresponding to sequences positioned in the 5' and 3' gene 
region. 

12 Construction of the homologous recombination vector with positive-negative 
selection (pHR53TK) for inactivation by mutation of the Sigma-1 receptor 
gene in ES mouse cells 

100861 In the construction of the homologous recombination vector with 

positive-negative selection denominated pHR53TK, the plasmid used for supporting 
and initiating the successive clonings was the vector pHM2 f4-2+(see Kaestner KH, 
Montoliu U Kern H T Thulke M & Schutz G (1994) "Universal ?-gaiactosidase cloning 
vectors for promoter analysis and gene targeting". Gene 148: 67-70, hereinafter 
Kaestner, 1994) ( 8451 base pairs, GenBank database, access code: X76682), 
which has been previously used successfully for preparing homologous 
recombination vectors leading to the effective inactivation of other mouse genes, 
see for example-R^ V Kaestner KH, Hiemisch H, Schutz G. Targeted disruption of 
the gene encoding hepatocyte nuclear factor 3gamma results in reduced 
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transcription of hepatocyte-specific genes, Mol Cell Biol. 1998 Jul;18(7):4245-51 , 
hereinafter Kaestner, 1998. 

Bgl II r es t rict ion, e nz y me, a 3 .1 k b fragment was obtained carrying the 3 7 homology sequ e nc e 
of the mou se Sig m a 1 rec e ptor From the prnqSI Eag6.7 plasmid (see Figure 3), by 
digestion with the Bg[ II restriction enzyme, a 3.1 kb fragment was obtained carrying 
the 3 : homology sequence of the mouse Siqma-1 receptor, this 3.1 kb Bgl II fragment 
was in se rted in the pHM3 plasmid, previously dig este d wit h t he sam e enzyme, whose only 
cleav age -pestrion. for Bgl H is locat e d at th e 8 171 po si tion, g ene ra t in g t he pHR3A 

cleavage site for th e Pml I restriction enzyme (position 2259 r e lative to the pHM'2 plasmid), 
was the 5 ? homol ogy sequence of the mouse Sigma 1 receptor, obtained as a 6 .8 kb fragment 

fragment was inserted in the pHM2 plasmid, previously digested with the same 
enzyme, whose only cleavage position for Bq! II is located at the 8171 position, 
generating the pHR3A intermediate plasmid with a size of 11.6 kb. Next, inserted on 
the pHR3A plasmid, at the only cleavage site for the Pml I restriction enzyme 
( position 2259 relative to the pHM2 plasmid), was the 5' homology sequence of the 
mouse Siqma-1 receptor, obtained as a 6.8 kb fragment by digestion with the Sal I 
and Sac II enzymes from the DNA of the XSg6 ba ct e ri ophage (Figure 2). Sg6 
bacteriophage (Figure 2). 

f00881 The subsequent fusion after conversion to blunt ends of the DNA 

sequence of the Sac II site (of the mouse Sigma-1 receptor gene sequence, position 
3356 of the AF030199 sequence) and Pml I (of the pHR3A vector) allowed obtaining 
the functional transcription among the first four amino acids of the Sigma-1 receptor 
gene with the remaining amino acids of the lacZ indicator gene present in the 
original pHM2 vector RO MKaestner, 1994). A ddition of the Sigma-1 receptor gene 
5' homology sequence allowed obtaining the pHR53 intermediate plasmid, which 
delimited precisely the nucleotides to be deleted (deletion) from the gene between 
the 3356 (Sac II) and 5263 (Bgl II) positions, relative to the original gene sequence 
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deposited in GenBank AF030199. Indeed, this eaase caused the elimination of 1907 
nucleotides, which include almost all sequences encoding the mouse Sigma-1 
receptor gene, with the exception of the first four amino acids. Figur e 4 repres en t s 
• g raphical ly the accurate limits of the sequence w h ose elimina tio n w as intended b y 

)x>sition. of the 5" and 3 ? homo l ogy se qu e nce position s , with siz e 6.8 and 3.1 present in the 
pHR53 vector, with respect to the aforementioned 30 kb overlapping. Th e se 5 7 and 3' 

hemetegy-seyaetteesHHa^ the-S-igni a I rceepte< i -geBe-afearte%^ 

f00891 Figure 4 represents graphically the accurate limits of the sequence 

whose elimination was intended by homologous recombination in mouse ES cells 
(Example 1.3). Figure 5 shows the relative position of the 5' and 3* homology 
sequence positions, with size 6.8 and 3.1 present in the pHR53 vector, with respect 
to the aforementioned 30 kb overlapping. These 5" and 3' homology sequences in 
turn delimit the Sigma-1 receptor gene area to be eliminated, with a size of 1 ,9 kb. 

r00901 In order to verify the presence and exact fusion of the DNA 

fragments used to construct the pHR53 vector, their ends were sequenced. 
Specifically, the transcriptional fusion between the first nucleotides encoding the 
mouse Sigma-1 receptor gene with the sequence encoding the lacZ indicator gene 
was verified, as shown in Figure 6. 

f 009 11 Finally, in order to obtain a homologous recombination vector 

with positive-negative selection on which to apply the positive selection processes 
(neomycin resistance gene, present in the pHM2 plasmid) combined with the 
negative selection processes f44 4(see Capecchi MR. The new mouse genetics: 
altering the genome by gene targeting. Trends Genet 1989 Mar;5(3):70-6, 
hereinafter Capecchi) (ganciclovir resistance gene, herpes simplex virus thymidin 
kinase, HSV-TK, absent in the pHM2 plasmid but present in the pPNT |4-£} (see 
Tybulewicz VL, Crawford CE, Jackson PK. Bronson RT. Mulligan RC. Neonatal 
lethality and lymphopenia in mice with a homozygous disruption of the c-abl proto- 
oncogene. Cell. 1991 Jun 28;65(7):1 153-63. hereinafter Tvbulewicz, plasmid) the 
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expression cassette with the HSV-TK gene was cloned in the Not I restriction site of 
the pHR53 plasmid by an intermediate construction in which the HSV-TK gene was 
obtained in the pSX R24 (Kaestner, 1994) vector, generating on the latter plasmid the 
pHR53TK vector of size 20.8 kb, whose map is shown in Figure 7. The pHR53TK 
plasmid has been deposited in the CECT dated 4 October 2002 receiving access 
number CECT 5737. 

r00921 The Spanish Type Culture Collection (CECT) is a service of the 

University of Valencia and since 1996 is an Affiliate Unit of the Aqrochemistry and 
Food Technology Institute (IATA) of the National Research Council (CSIC). 
http://www.cect.org/english/index.htm 

EXAMPLE 2 jl Generation of mutant mice deficient in the endogenous Sigma- 1 

RECEPTOR GENE 

2.1 Inactivation of the Sigma-1 receptor gene by homologous recombination in 
mouse ES cells and production of chimerical mice with said mutation 

[00931 After constructing the pHR53TK vector, it was linearised by 

digestion with the Sal I restriction enzyme (Figure 7). Then 20 jxg of the pHR53TK 
linearised vector were used to transfect 9.6 x 10 6 ES R1 cells fi-H (Nagv) by 
electroporation (electroporation conditions: 500 pF, 250 V). After 24 hours the 
positive selection process was initiated by adding 300 jig/ml of the G418 antibiotic. 
After 48 hours the drug ganciclovir was added for the negative selection process, 
until reaching a final concentration of 2 pM. Eight days later it was possible to 
identify independent recombinant clones (resistant to G418 and ganciclovir) which 
were sub-cultured separately. The entire process was performed in the presence of 
G418-resistant mouse embryonic fibroblasts (MEFs) and of L.I.F. (leukaemia 
inhibitory factor) growth factor in order to inhibit the spontaneous differentiation of 
the pluripotent ES cells. At all times protocols were followed described in the 
literature for culture, transfection and manipulation of mouse ES cells RQ KJovner) 
(information relative to the positive-negative selection can be found, for example, in 
U.S. Patents 5,464,764, US 5,487,992, US 5,627,059 and US 5,631,153). 
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r00941 A total of 272 recombinant clones of mouse ES cells were 

analys e d analyzed by the Southern blot process, described in the lit e rature 
f^ Ausubel. For this purpose two probes were designed, a 5' probe and a 3' probe, 
distant from the homology areas of the mouse Sigma-1 receptor gene included in 
the pHR53TK vector in order to identify two polymorphisms in the size of restriction 
fragments. Thus, digestion with the Hind III restriction enzyme and use of the 5' 
probe allows distinguishing the wild allele (10.7 kb) from the mutant allele (19 kb) of 
the mouse Sigma-1 receptor gene. Similarly, digestion with the EcoR I restriction 
enzyme and the use of the 3' probe allows distinguishing the wild allele (13.7 kb) 
from the mutant allele (1 1 .9 kb) of the mouse Sigma-1 receptor gene. Figure 8 
shows the experimental design used to differentiate the mutant and wild alleles of 
the mouse Sigma-1 receptor gene. 

[00951 Of the 272 independent ES cell clones amriysedanalyzed, 12 (i.e. 

^4.4%) showed the expected polymorphisms using the 5' probe and the 3' probe 
(Figure 8). Figure 9 shows the result of the Southern blot analvses analvzes of the 
genomic DNA corresponding to these 12 ES cell clones. 

f00961 Following this, 4 independent positive recombinant clones of ES 

cells were selected to proceed with the generation of the corresponding chimerical 
mice (chimeras) using the morula aggregation technique, by procedures described 
in the lit e rature [1QL M ll. Jovner and Naqy. The experimental conditions for 
aggregating the recombinant ES cells (in an average number of 10) with embryos in 
8-cell stage (morulae) of the CD-1 mouse strain comprised the use of 4% of a 
conditioned medium of ES cells in the aggregation process. 

[00971 Using these conditions, 1 1 surviving chimeras were identified 

obtained from 19 initially identified chimeras coming to term among the 40 
foetus e s fetuses that managed to advance in gestation from 382 aggregated and 
transferred embryos. Table II shows a summary of the aggregation process used. 



No. of 


No. of embryos 


No. of embryos 


No. of 


No. of 


No. of 


embryos 


transferred 


a stat d 


f tus s 


chimeras 


surviving 


aaarepate 
d 


(% aqqreqated) 


(% transferred) 


to term 


id ntified 


chimeras 
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399 


382 (95.7% V 


71 f 18.6%) 


40 


19 


H 



Table II 

Aggregation of morulae (8-cell mouse embryos of the CD-1 strain) with the positive 

recombinant ES cell clones 



•" imihrvAv: 
. tilt irt~yits 

&g£ legat e d 



N° of embryos 



N ° of e mbryos 

■ gestatct) y ? ; 
( % trail s f er rhf\ ) 



chimeras 



N° o f surviving 
" chi m e r a s 



3;82,(95-7%) 



71 (18.6°^'*' * 



40v 



#• - : k> # 



|_| !^:^ 



[00981 The eleven surviving chimeras obtained corresponded to two 

clones of independent ES cells, clone #8 and clone #175, in compliance with the 
recommendations included in the usual protocols for chimera generation, which 
require obtaining the mutation from at least two independent clones to avoid 
problems inherent to a specific clone that could generate an anomalous phenotype 
of the mutant mouse fW KJoyner) . 

f00991 After this the transmission by germ line of the mutation was 

evaluated by crossing the corresponding chimeras with females of the CD-1 receptor 
strain, whose albino fur is clearly distinguishable from the pigmented fur 
characteristic of the 129Sv strains from which are derived the ES R1 cells used in 
the homologous recombination process R-Hr (Naqy). 

fOOIOOl Table III describes the results of the transmission 

analvses analvzes for the pigmented phenotype (associated to the genotype present 
in ES cells) performed on the 11 chimeras identified. 



Chimera 


ES 

Clone 


Sex 


% 

Chimerism 


% Germ Line 
Transmission 


Piqmented F1 
offspring in crosses 
with CD-1 / total 


1 


#175 


Male 


70% 


100% 


71/71 


2 


#175 


Male 


5% 


0% 


0/130 


3 


#8 


Mate 


65% 


100% 


91/91 
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4 


#8 


Male 


20% 


0% 


0! ; : : r : v 


5 


#8 


Hermaphrodite 


40% 


0% 


0** ; : ; ' . ■■" 


6 


#175 


Male 


50% 


0% 


0/30 


7 


#175 


Male 


100% 


0% 


Q* : 


8 


#8 


Male 


70% 


100% 


27/27 


9 


#8 


Male 


70% 


100% 


8/8 *!• *■ 


20; M : M : 


#8 


Male 


10% 


0% 


0/28 * 


11 t ■ "' 


.{,.1 


Male :. 


25% 


o% m i $A 


0/38 .I-:.. 4 .. .. -i s 



Table III 

Chimeras obtained for mutation in the Sigma-1 receptor gene. Analysis of 
transmission by germ line of the genotype present in ES cells by crossing with albino 

CD-1 female mice 



Chimera 

f ; si ';. - •' 4 
' *-. *; • . ' : . 

'.-<: riiM* ■■!*-. - 




i v< a 4 j^^l ,..>; «; ; * 

• . ■ . i : ' . jjl&jM* 1 - 
- "i- - - -4 4 4* 
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Pigmented Ft § 


.«|, 


± \ : :> :-:'\{ :. ^'f: ■ 

-r. • 


• -v. ; Line 3 
T-ransmisst 


t offspring in crosses^ 
with-€D 1 / total 

- - • - - - 
'' ' ;V - ••' • ',*- j>. } ' •.; ' - : ' ' ; 




#4-75 






40#% 


74+74- ' 






J.- ). ' i; : Mak. : 


i 5% , • 


- \s /O ." . ; 


. OAi-30 
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.J 31 ' 
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Hermaphrodite 


,:. v.; . TV/ 7 O ..: 


is "1* no/ « ; ; s 11 

... v., . V 7* 0 4.' . 








I h Male v - . r 


i SO-% 


... : 4 • •> QQX ; 








' Mhfre I 




' : " ; l ' QOZ . 

L . .,. V /p .: ... 




8 


. 


Mate 








9 


#8 


; Mate 


70% 




:*... 5. . , . Of O .'• :;- • 


40 


#s 


I VI ulv 


40% 






44- 




Male 


2§% 


no/ 





(*) Without vaginal plugs (sterile) 

(**) Unproductive vaginal plugs (sterile) 

[001011 Transmittability analyses analyzes showed that four independent 
chimeras (1 derived of clone #175 and 3 derived of clone #8) were able to efficiently 
(100%) transmit the ES cell genotype to its offspring by gem line. These F1 animals 
were used to aB^se analyze the presence of the mutant allele, and by successive 
crossings to generate the corresponding mutant mouse. 



36 Mark Up Substitute Specification 



2.2 Production of mutant mice in the Sipma-1 receptor gene 

f001021 After verifying the transmission to the germ line in four of the eleven 
chimeras obtained (with individuals representing the two recombinant ES clones 
used) by the presence of pigmentation in the F1 offspring obtained from crosses 
with CD-1 albino mice, the presence of mutated alleles of the Sigma-1 receptor gene 
was verified. Detecting the pigmentation does not guarantee the presence of the 
mutated allele as only 50% will inherit the allele carrying the mutation, while the 
remaining 50% will inherit the wild allele, intact, from the original ES cells. For this 
reason, for a later identification of the mutant and wild homozygous individuals, two 
analytical test were designed by the PCR technique (PCR-Sigma and PCR-Neo, 
Figure 10), using conventional methods fft KAusubel) . that allowed an unequivocal 
identification of the three genotypes, specifically: wild homozygotes, heterozygotes 
(carrying the mutation) and mutant homozygotes (See Table IV). 



Genotype 


IPCR-SiGMA 


PCR-NEO 


Wild homozvaote 


± ■ ( : ^ H:- m 




Heterozvaote 


+ fi> : ; : ^ 
.i - '.'>, ■ ■ : ■ ,■ . . . : ' 




Mutant homozvaote 


%>\ - ■ <*HT ■'- < >' 1 ; ' ' : ■ << ■ - ■ - ■ ■■■■ ■ ^ ■ ■ ■ ' *m- ■ : : 


.+■■•.. , : r " : :-' 


Table IV 
Obtaining the genotype by PCR 


Genotype 


-f- PCR SIGMA y 


PCR NEO 


Wild homozygote , .■ 












Mutant homozygote 







r00103l The PCR-Sigma technique uses the MS1 and MS3 oligonucleotides 
[(Table I}) that can only amplify a 1 . 1 6 kb specific DNA fragment when one of the 
two alleles of the Sigma-1 receptor gene is intact. Similarly, PCR-Neo uses two 
specific oligonucleotides internal to the gene that confers resistance to neomycin 
(neo gene) £{Neo 1 (SEQ. ID. NO: 5) and Neo 2 (SEQ. ID. NO: 6)}}, which amplify 
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a 0.7 kb specific DNA fragment only if one of the two alleles carries the mutation 
initially detected in the ES cells. 

[001041 Table V shows in detail the identification of heterozygous individuals 
among the individuals obtained in the F1 resulting from crossing transmitter 
chimeras and CD-1 females. Only pigmented individuals were analys e d analyzed by 
PCR-Neo. Detection of the analytical 0.7 kb band indicates that the individual 
carries the mutation in one of the alleles of the Sigma-1 receptor gene. 
Approximately half of the pigmented individuals in each of the two clones 
correspond to chinchilla mice. The other half are agouti mice, the wild fur colouring. 
Likewise, slightly under half of the pigmented F1 individuals in each of the two 
clones analysed analyzed were found to be heterozygotes and thus carriers of the 
mutation. 



Chimeras 


Total number of 


Heterozvaotes 


;Heterozvaotes 


Heterozvaotes 




pigmented F1~ 


(+/-) identified (% 
total) 


with chinchilla 


with aqouti fur 


individuals 
analyzed bv PCR 


fur 


(wild) 


Clone ES 
#175 , 


71 ~ < * \ * " r ? 


31 (43.7%) 


•:*14f" 


17 " * 


Clone ES #8 


1112 


51 (45.5%) 


25 


26 


Table V 

Detection of heterozygous individuals in crosses between chimeras and CD-1 

females 


Chimeras 


Total number of 










pigmented Fl 
individuals 
analysed by PCR 


Heterozygotes 
04 ) identified 
(% total) 


Heterozygotes 

TT I tit 

chinch ilia fur 


Heterozygotes 
(wild) 


Clone ES 




33 (13.7%) 




- 


Clono ES #8 


4-t3 


51 (45.5%) 


2$ 


26 



[001051 After enough heterozygous individuals were identified (of both sexes) 
of each ES clone used, crosses were made between these heterozygous individuals 
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in order to obtain, according with Classical Genetics (Mendelian) laws, mutant 
individuals (homozygous for the mutant allele) in the second generation (F2) 
obtained. 

[001061 The genotypes obtained for the F2 animals generated were based on 
the two aforementioned PCR analytical tests (PCR-Sigma and PCR-Neo) (see Table 
IV). The result of these crosses and the total numbers of each of he three 
genotypes obtained for the second-generation individuals are given in Table VI. 



Clones - - 

■? ■ YY/ 


Total F2 - > 
individuals 
analyzed bv 

PCR '■•:« 


Wild individuals t i 
(+/+) identified 
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individuals .(+/-) ^ 
identified y 

Y>'. 


Mutant 
homozvdous 
individuals (-/-) ' 
identified 

•Y % ..-|i> ;Y Y Y. .Y ■ . 


Clone ES #175 


130 


42 


Hi£ Y 


28 ; 


Clone ES #8 « ^ 


48 s Y.« 


12 . 


25 

< Y v - - 


Y:r YYY-- 'Y--Y - - 


Table VI 

Detection of homozygous individuals in crosses between F1 animals 


i - - ' . -\ ?% . 
':. y". : : . : ij ! Y .-it 

: -l^YY ' * ' y - ' 
\ •• • '"■ • Y- ' ; 


Total F2 


Wild individuals 


Heterozygous 


Mutant 


individuals 
analysed, hy^ 


, identified 

;y yy . ^ ? 4 4 • 

•-•••iL tYY Y-Yn'- ?§* ' : rY • 


4 *.>- — 5- 85 Y- -f< 

individuals | 
,(+/-) identified^ 


i homozygous 
; identified : ;i i: " 


Clone ES #175 




•*^;:sf . ? .43M 


m 




■ cione mm 








J 44 



f00107l According to Mendel's laws, the result of crossing two heterozygous 
individuals with two different alleles for the same locus will be distributed as follows: 
25% wild individuals (+/+), 50% heterozygous individuals (+/-) and 25% mutant 
homozygous individuals (-/-). Table VII compares the results obtained in F2 (Table 
VI) without those expected according to Mendel's laws. 



39 Mark Up Substitute Specification 





Total F2 
individuals 


Wild 

(+/+) (% total) 


Heterozvpotes 
(+/-)(% total) 


Mutant (-/-) (% 
total) 


Clone ES #175 

Results 
OBTAINED 


130 


42 (32.3%) 


60(46.2%) 

• ---if - r > 4 ; 


28(21.5%) 


Clone ES #175 - 
r\esuns . • • • .- : 


I OU i t 

;.• • ^1*:.- : Jt 

• , : 4 ■■ . :;*>-., 


oZ.O ( ZD /o ) 


DO (DU /o J 


OZ.D [ZD /o J 


EXPECTED 


• * : i .' #- -4 


• . • . . i 


X * ':- , ; >• : : 

r • • ■■- : 

^" . . , : . * . .i - .•: . -'. 


Clone ES #8 k \± 
Results 


48 


12 (25%) - 


25(52.1%) 


i I:.. - r - : . ; ,:||, :; ,• .V ; : y; 

11 (22.9%) 


OBTAINED 




■ .... . :r ■ 
• • .;>.': • ■-. ' 4 : >;. : ' 




Clone ES #8 
^Results 


...... .. ...... v; .... ,.. , f , 

m-i Mi 


12 (25%) , 


. .<. . . :„■: ■ v ' ' 

24 (50%) 


M : x : : :x?: : : lf iL 
12(25%) 


EXPECTED 

^ ......... < 


« . . . K - : . 

• ■■ i- ^ : ■ * 







Table VII 

Comparison between expected results and obtained results for F2 individuals 





Total 
'^f- i4l^idudls r '-r 1 

. :; ' • ;.. . • .:4 ■ v 4 


- * ■ '(% f ■ 


1V Het'erozygotes 
■ (+/■)(%" total) 


^ Mutant (■ / ) 
(% total) 


Clone ES //1 75 




42 (32.3%) 


' : 60 (46.2%) 


28 (2L5%) ' 

>r: ■ "f; r^: ' • •••• - -i:- 


Clone ES #175 
y EXPECTED 




32:5 (25%) 


' 65 (50%) 


32,5 (25%) 


; Results 


48 


12 (25%) 


25 (52.1%) 


11 (22.9%) 


Clone ES ffS 

Results 
EXPECTED 


48 


12 (25%) 


24 (50%) 


12 (25%) 



r001081 The statistical analysis of these data leads in both cases to a 
calculated % value lower than that tabulated for p=0.05 and (3-1 = 2) 2 degrees of 
freedom ( x 2 = 5.991) f(Clone ES #175 % 2 = 3.785; Clone ES #8 x 2 = 0.125}} so that it 
is possible to conclude that the genotype distribution fits that predicted by Mendel 
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(p=0.05). Thus, slight reduction in mutants identified with respect to the theoretically 
expected values is not statistically significant. 

r00109l As an additional conclusion to this first analysis, it should be added 
that mutant homozygous males and females are equally obtained. The sex 
distribution of the mutant homozygotes identified fits the expected values (50% of 
each sex), not observing any statistically significant deviations at this point. In the 
case of clone ES #175, of the 28 mutants detected 13 are male, which in the case of 
clone ES #8 of the 11 mutants detected 4 are male. Both values approach normality 
and follow the expected distribution (p=0.05, degrees of freedom=1 , % 2 
calculated=3,841) {{Clone ES #175 % 2 = 0.143; Clone ES #8 % 2 = 0.818}}. 

[001 101 Additionally, it has been found that both male and female 

mutant homozygotes are fertile, so that it has been possible to obtain stable colonies 
of this mutation. No external or observable manifestations have been found that 
apparently differentiates mutant mice from wild mice. However, the mice are being 
thoroughly znalysed a n a I yzed to evaluate the effect of the mutation in the Sigma-1 
receptor gene by paradigms meant to elucidate its role in processes of analgesia, 
addiction, depression, psychosis and schizophrenia using conventional methods in 
this field f4-64r (see Jacqueline N. Crawley (2000) What's wrong with my mouse?. 
Behavioral phenotyping of transgenic and knockout mice, Wiley-Liss, New York, 
hereinafter Crawley). 

[001 111 The mutation has been obtained and analvsed analvzed in two 

different mixed gene banks (129Sv x CD-1 and 129Sv x C57BL/6J). 

2.3 Structural, expression and function analy s es ana/yzes in mutant mice for the 
Sigma-1 receptor gene 

[001121 After the mouse Sigma-1 receptor gene mutant mice were 

generated, the absence of the gene (DNA), its expression (messenger RNA), the 
protein and activity (function) were analvs e d analvzed to verify that, indeed, the 
mutant mice were deficient in the Sigma-1 receptor gene. 

[001131 Firstly studied was the presence of polymorphisms associated 

to probes 5' and 3\ which allow detecting the mutant and wild alleles unequivocally. 
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For this, genomic DNA of wild, heterozygous and mutant mice in the Sigma-1 
receptor gene was analys e d. analyzed. The result of the Southern blot analysis is 
shown in Figure 1 1 . The results obtained allow unequivocally concluding the 
presence of the mutant allele according to the expected experimental design. 

f001 141 Secondly, the expression of the Sigma-1 receptor gene in 

various organs of mutant, heterozygous and wild mice in which the gene is normally 
present was studied f54 r(Kekuda). These expression an al yses analyzes were 
performed by the Northern blot technique, following the protocols described in the 
field f^ MAusubel). Figure 12 below shows the absence of signal in the gel lanes 
corresponding to the total RNA of mutant homozygous animals, which therefore lack 
the Sigma-1 receptor gene. Therefore, not only is the Sigma-1 receptor gene 
missing but it is also impossible to find messenger RNA (transcriptions) allowing itto 
document its expression. Indeed, the mutant mouse does not express the Sigma-1 
receptor gene. 

f001 15] Thirdly, the expression of the Sigma-1 receptor gene in the 

brain of mutant, heterozygous and wild mice was evaluated by locating the 
corresponding protein in protein extracts by meeeswav of a specific polyclonal 
antibody. The Western blot technique was employed for this. The results obtained 
are shown in Figure 13, where no detectable protein levels were found (Sigma-1 
receptor) in the brain protein extracts from mutant mice homozygous for the Sigma-1 
gene. 

[001 161 Fourthly, the activity (function) of the mouse Sigma-1 receptor 

was evaluated by a specific binding test to the [ 3 H]-pentazocine ligand. Briefly, the 
brains of mutant (-/-), heterozygous (+/-) and wild (+/+) mice were homogenised and 
the homogenisations ere centrifuged several times at different speeds to obtain the 
membrane fraction. Then samples of the membrane fraction obtained were 
incubated with the [ 3 H]-pentazocine radioligand in optimal binding conditions for this 
receptor (37°C, for 130-170 minutes), filtrating the samples, washing them and 
reading the radioactivity count present in the filtrate f32V (see DeHaven-Hudkins 
D.U Fleissner L.C., Ford-Rice, F.Y. (1992) Characterization of the binding of T3H1- 
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Pentazocine to sigma recognition sites in guinea pigs brain, European Journal of 
Pharmacology 227:371-378, hereinafter DeHaven-Hudkins). The results obtained 
are shown in Figure 14 and reveal the lack of activity (function) in the homozygous 
mutant mice. 

[001 171 Fifthly, the function of the Sigma-1 receptor was evaluated 

according to known behav io u ra l behavioral paradigms and protocols. In this sense, 
no statistically significant differences have been found between the 
behaviour- behavior of the mutant and the wild mice in the following list of tests or 
paradigms anaivs e d. analyzed. Statistically significant differences have only been 
observed with wild mice in the hyperactivity (hypermotility) response induced by the 
SKF-10047 ligand (data not shown). 

r001 181 For the purposes of promoting an understanding of the principles of the 
invention, reference has been made to the preferred embodiments illustrated in the 
drawings, and specific language has been used to describe these embodiments. 
However, no limitation of the scope of the invention is intended by this specific 
language, and the invention should be construed to encompass all embodiments 
that would normally occur to one of ordinary skill in the art. The particular 
implementations shown and described herein are illustrative examples of the 
invention and are not intended to otherwise limit the scope of the invention in any 
way. For the sake of brevity, conventional mechanisms and techniques may not be 
described in detail. Furthermore, the connecting lines, or connectors shown in the 
various figures presented are intended to represent exemplary functional 
relationships and/or physical or logical couplings between the various elements. It 
should be noted that many alternative or additional functional relationships, physical 
connections or logical connections may be present. Moreover, no item or 
component is essential to the practice of the invention unless the element is 
specifically described as "essential" or "critical". Numerous modifications and 
adaptations will be readily apparent to those skilled in this art without departing from 
the spirit and scope of the present invention. 
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BIOLOGICAL MATERIAL DEPOSIT 



[00119] An Escherichia coli ToplOF' culture, known as pHR53TK, 

containing the pHR53TK plasmidic vector has been deposited in the Spanish 
Collection of Standard Cultures (Coleccion Espanola de Cultivos Tipo), CECT, 
Burjasot, Valencia (Spain), on 4 October 2002, under the access number CECT 
5737. 



fcJTERATUR E 

h — Kaiser C, Pontecorvo M.J, & Mewshaw R.E. (1991) Sigma recepto r ligands: 

ftmot ien -aftd -activity. N eurotransmissions 7 (1) : 1 5. 



AM 

3,- B ewen W .D. (2QQQ)4»ig^ 

Pharmaceu uca Axtet-ffelveriae 74: 2 1 1 218. 

4. Banner M., Mo ebr us F.F., Fl an do r fer A., Knaus Stressing J., Kempner E. & 

Glossniaun H. (1996) Purification, molecular cloning, and expression of the mammalian 

gigwte-^ 93: 80 72- 8077, 



an d f un ction a l e x pressio n o f the human type 1 Sigma receptor ( hS i gm a"R 1 ) . Biochemical and 
Biophysical Research Communications 229: 553 558. 

& — Seth P., Lei b ach F.FL & Ganapathy V. (1 997) Cl on in g and -s tructural analysis of 

the cDNA and the gene encoding the murine type I sigma r eceptor. Biochemical and 
Biophysical R e search Communications 2 4 1: 535 5 4 0. 

7. Seth P., Fei Y. J., Li H. W., Huang W v Leibach F. H. & Ganapathy V. (1998) 

Cloning and — functional characterization of a ? r e c ep to r from rat brain. Journal of 
Neu ro chcmistry 70: 922 931. 

S. Prasad P.D., Hui W.L.. Fei Y. J. , Gan a pathy M . E ., Fuj i ta T., Pluml o y L.H., Yang 

F e ng T. L.. Leibach F. H. & Ganapathy V. (1998) Exon intron structure, analysis of promoter 
region, and chromosomal localization of the human Type 1 ? receptor gene. Journal of 

44 Mark Up Substitute Specification 



9. AusubeU F.M., R. Br e nt., R.E. Kingston, D.P. Moore, J.G. Seidman, J.A. Smith 

and K. Struhl. 1999. Current Protocols i n Mol e cular Biology, John Wiley & sons. Inc. 
10. - A.L. Joyncr (1999) "Gene Target i ng. A practica l app r o a c h " Second Edition. TRfc 

.l£KAC £2 Y.Ti:TV 4.-.. £1&X££KCC 1 '-_]3L"tTia>CC_ 

1 1. Nagy A, R oss a nt J^ - N ag y R ? A b ra m o w New e rl y W; Roder JC (1993 ) Derivation 

of co mpl etely ce il culture d eri v e d mice from early pa s sage embryonic stem cel l s. Pr oc Nat l 

l^r--j£ae^ H, Thulke M-^SeMte--€h-(4 9 9 4) M ^ iversal -?- 

gaJactosidas e cloning vectors for promoter analysis and geno targeting". Gene 1 4 8: 67 70. 

1.3. Kaestn e r KIT Hiemisch H, Schtitz G. Ta r g e ted disruption of the gene encoding 

hepateeyt e nuele a^-fi i ctor 3 gamma r es ults^^HFed^ed^amer4fit4on of hepateeyte- specific 
geHearMel CellB i e l. 1998 Jul;18 ( 7): 4 2 4 5 51. 

14.- Capecchi MR . The now - m o use gen etic sr~ah^4a g the ge nom e b y g e n e-targeting. 

Trends Gen et. 1989 Mar;5(3):70 6. 

1 5. - Tybulewicz V L. Crawfo rd CE, Jack son PK, Bronson. R T, Mulligan RC Neonatal 

letha^ky-arnd^ymph openi a i n mice with a h em ozygou s^ is rup t i ono jf^^ 
Cell. 1991 Jun28;65(7):1153 63. 

— Jacqu e line N. Crawl e y (2000) What's wrong with my mouse?. Behavioral 

p lie n otypin g o f t ransgeni e a n d fmoekemf~miee~, W i l ey Lis s, New York. 

Manual" Cold Spring Harbor Laboratory Pres s , Cold Spring Harbor N Y. 

18. Crane MS (1999) Mutag e nesis and cell transformation in c e ll cultur e . Methods 

Cell Sci. 21( 4 ):2 4 5 253. 

19. Earn est D.J., Liang F.Q., Di Giorgio S., Gallagher M., Harvey B., Earnest B., 

Seigel G. (1999) Establishm e nt and characterization of ad e noviral El A immortalized cell 
lines derived from the rat suprachiasmatic nucleus. J. Neurobiol. Apr; 39(1 ):1 13. 

20. Schwartz B. ? Vicart P., Dclouis C. Paulin D. (1991) Mammalian cell lines can be 
establish e d in vitro upo n ex p ression of the SV 4 0 larg e T antig e n driv e n by a promoter 
sequenc e derived from the human vimentin g e ne. Biol. Cell. 73(1):7 1 4 . 

21 . Frederiksen K. ; Jat P.S., Valtz N., Levy D., McKay R. (1 988) Immortalization of 

45 Mark Up Substitute Specification 



of the binding of [3H] Pentazocine to signut recognition sites in guinea pigs brain, European 
Jou r nal o f . Pha r m a c ology 227:371 37 8 . 



46 Mark Up Substitute Specification 



ABSTRACT 



NON-HUMAN MUTANT MAMMA L S D EFICIENT IN SI G MA RECEPTORS AN] 
THEIR APPLICATIONS 

The genome of the non-human mutant mammal, deficient in an endogenous 

Sigma receptor, contains a mutation that comprises a disruption in an endogenous 

Sigma receptor gene, wherein said gene disruption gives rise to a mutant lacking 

detectable levels of endogenous Sigma receptor. The mutant may be used as a 

control animal for in vivo tests, as well as a source of cells that can be used in in 

vitro tests. Mutants deficient in the Sigma-1 receptor can be used as models for in 

vivo study of disorders of the central nervous system, memory alterations, stress 

conditions and drug addictions, analgesia processes and neuroprotection. Mutants 

deficient in the Sigma-2 receptor can be used to study diagnostic or therapeutic 

tools to fight cancer and/or degenerative processes and/or to design compounds 

capable of preventing, reducing or alleviating the secondary pathology associated 

with administration of neuroleptic agents. 
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LIST OF SEQUENCES 
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SEQUENCE LISTING 



<110> Laboratories del Dr. Esteve, S.A. 

<120> Non-human mutant mammals deficient in Sigma receptors and their 
applications 

<160> 6 

<210> 1 

<211> 18 

<212> DNA 

<213> Artificial sequence 

<223> MS1 Initiator oligonucleotide 

<400> 1 

aattttgetc ccctcctc 1 8 

<210> 2 

<211> 22 

<212> DNA 

<213> Artificial sequence 

<223> MS2 Initiator oligonucleotide 

<400> 2 

gcactcaaaa cttcgtcttc tc 22 
<210> 3 
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<211> 19 

<212> DNA 

<213> Artificial sequence 

<223> MS3 Initiator oligonucleotide 

<400> 3 

cgttcacaaa tacccactg 1 9 

<210> 4 

<211> 20 

<212> DNA 

<213> Artificial sequence 

<223> MS4 Initiator oligonucleotide 

<400> 4 

agctcctctt tcccttcacc 20 

<210> 5 

<211> 20 

<212> DNA 

<213> Artificial sequence 

<223> Neo 1 Initiator oligonucleotide 

<400> 5 

gctattcggc tatgactggg 20 
<210> 6 
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<211> 20 

<212> DNA 

<213> Artificial sequence 

<223> Neo 2 Initiator oligonucleotide 

<400> 6 

gaaggagata gaaggcgatg 20 
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